Introduction
============

Stroke is defined as a clinical syndrome of presumed vascular origin, typified by rapidly developing signs of focal or global disturbance of cerebral functions lasting \>24 hours or leading to death.[@b1-ndt-13-527],[@b2-ndt-13-527] It is the leading cause of adult disability and mortality in developing countries.[@b3-ndt-13-527],[@b4-ndt-13-527] Eighty-five percent of strokes are due to cerebral infarction, 10% due to primary hemorrhage, and 5% due to subarachnoid hemorrhage.[@b5-ndt-13-527] The risk of recurrent stroke is 26% within 5 years of the first stroke and 39% within 10 years,[@b6-ndt-13-527] which imposes a heavy burden on society and the families of the patients. Thus, there is an urgent need to explore and evaluate effective and reliable biomarkers for stroke.

Atherosclerosis in the aortic arch is a risk factor for ischemic stroke.[@b7-ndt-13-527] It is defined as a fatty deposit that hardens on the inner wall of the arteries (atheroma) and roughens its surface, which makes the arteries susceptible to blockage, either by narrowing or by formation of a blood clot. Atherosclerotic changes in the cerebrovascular system ultimately can lead to incident stroke.[@b8-ndt-13-527] The association between atherosclerosis in the aortic arch and stroke risk was initially established in autopsy studies and subsequently confirmed by in vivo studies.[@b9-ndt-13-527],[@b10-ndt-13-527] Carotid atherosclerotic changes are a marker for systemic atherosclerosis.[@b11-ndt-13-527] Atherosclerotic plaque at the carotid bifurcation is the underlying cause of the majority of ischemic strokes, and the degree of carotid stenosis is strongly associated with stroke risk in symptomatic patients.[@b12-ndt-13-527] Pathologic studies comparing symptomatic and asymptomatic carotid plaques have demonstrated that specific plaque characteristics are associated with ischemic brain injury, and the mechanisms underlying plaque instability in the carotid circulation are similar to those in the coronary circulation.[@b13-ndt-13-527] Research has shown that patients with a first ischemic stroke are at high risk of developing recurrent stroke due to carotid atherosclerotic plaque rupture.[@b14-ndt-13-527] Liu et al[@b15-ndt-13-527] proved that carotid plaques in patients with recurrent ischemic stroke are significantly aggravated compared with those in patients who have experienced one stroke, and monitoring carotid plaques in patients with initial stroke by MRI may be helpful for secondary stroke prevention.

The incidence of stroke in rural China has increased rapidly, particularly among middle-aged adults, along with a concurrent increase in risk factor prevalence.[@b16-ndt-13-527] A previous study[@b17-ndt-13-527] has revealed that, in the Chinese population, the incidence of ischemic stroke is rising annually at a rate of 8.7%; this highlights the need to prioritize stroke prevention. Furthermore, atherosclerosis has been shown as an important cause of stroke in Chinese patients.[@b18-ndt-13-527] Therefore, understanding the natural history of carotid atherosclerosis is essential in the management of patients at risk for stroke. This study investigated the correlation between carotid atherosclerosis and recurrent cerebral infarction.

Materials and methods
=====================

Identification and eligibility of relevant studies
--------------------------------------------------

We conducted a comprehensive literature search for relevant articles published between January 2000 and September 2013, using the following electronic databases: PubMed, Embase, Medline, Wanfang, and China National Knowledge Infrastructure. The Medical Subject Heading terms "cerebral infarction", "stroke", "brain infarction", "cerebral arterial thrombosis", "recurrence", and "carotid atherosclerosis" were employed as the key terms. The equivalent Chinese terms were used in the Chinese databases. References of retrieved articles were searched with no language restrictions. The search was focused on studies that had been conducted in the Chinese population. Only full-text articles and the most recent studies were included in this meta-analysis.

Criteria for article screening
------------------------------

The inclusion criteria were as follows: 1) the paper should be a random control clinical trial or before--after study. 2) The study objects are confirmed cerebral infarction cases restricted to the Chinese population. 3) The diagnostic criteria must be in accord with the revision standard of the Fourth National Cerebrovascular Disease Conference, confirmed by craniocerebral CT or MRI. 4) The recurrence group should conform to the following standards: infarction recurrence with aggravation occurring \>1 month after the initial onset, emergence of nerve function defect symptoms, and presence of new lesions confirmed by craniocerebral CT or MRI scan. 5) When the same authors reported two or more publications on possibly the same patient populations, only the most recent or complete study was included in this meta-analysis. The exclusion criteria were 1) patients with carotid stenosis or intracranial vascular stenosis. 2) Patients aged \>80 years. 3) Patients with cardiac cerebral embolism, hemorrhagic cerebrovascular disease, or stroke-causing tumors, accompanied by severe heart, liver, and kidney disease.

Quality assessment and data extraction
--------------------------------------

Two investigators independently assessed the quality of the included studies according to the descriptions provided by the authors of the included trials. Any disagreement was subsequently resolved by discussion with a third investigator. The following information was extracted from each article: first author, year of publication, age and number of patients with carotid atherosclerosis, and total patients.

Statistical analysis
--------------------

Analyses were carried out using the Review Manager 5.2 (The Cochrane Collaboration, London, UK). The odds ratio (OR) with 95% confidence interval (CI) was used to assess the relationship between carotid atherosclerosis and recurrent cerebral infarction. The significance of the pooled OR was determined by the *Z*-test, and *P*\<0.05 was considered significant. The heterogeneity for the included articles was evaluated using the Cochran's *Q*-test and *I*^2^ statistics. When a significant heterogeneity existed across the included studies (*P*\<0.01 and *I*^2^\>50%), the random effect model was used; when there was no significant heterogeneity across the included studies (*P*\>0.01 and *I*^2^\<50%), the fixed-effect model was used. To assess whether our results were substantially influenced by the presence of any individual study, we conducted a sensitivity analysis by systematically removing each study and recalculating the significance of the result. A funnel plot was used to examine the publication bias. All tests were two-sided.

Results
=======

Study selection and characteristics
-----------------------------------

The initial search with the keywords and the subject terms identified 123 publications; only 22 met the inclusion criteria and were eligible for review. [Figure 1](#f1-ndt-13-527){ref-type="fig"} shows the study flow. All 22 articles (21 were written in Chinese[@b19-ndt-13-527]--[@b39-ndt-13-527] and one was written in English[@b15-ndt-13-527]) reported case--control studies focusing on the association between carotid atherosclerosis and recurrence of cerebral infarction in the Chinese population. A total of 3,912 patients were included in this study, involving 2,506 first-ever cases and 1,406 recurrent cases. The detailed characteristics of the included studies are shown in [Table 1](#t1-ndt-13-527){ref-type="table"}.

Quantitative data synthesis
---------------------------

In this meta-analysis, we discussed mainly the relationship between carotid atherosclerosis and recurrent cerebral infarction. As shown in [Figure 2](#f2-ndt-13-527){ref-type="fig"}, we observed statistically significant association between carotid atherosclerosis and recurrent cerebral infarction. The data showed that patients with recurrent cerebral infarction had a higher prevalence of carotid atherosclerosis than did patients with first-ever cerebral infarction (78.88% vs 59.38%). The overall risk estimates OR for recurrent cerebral infarction with carotid atherosclerosis was 2.87 (95% CI: 2.42--3.37; *P*\<0.00001) in a fixed-effect model.

Sensitivity analyses and publication bias
-----------------------------------------

A single study included in the meta-analysis was deleted each time to reflect the influence of the individual data set to the pooled ORs, and the corresponding pooled ORs were not materially changed. This procedure confirmed the stability of our overall result.

A funnel plot was constructed to assess the publication bias of the literature. The shape of the funnel plot did not reveal any evidence of funnel plot asymmetry (as shown in [Figure 3](#f3-ndt-13-527){ref-type="fig"}).

Discussion
==========

Stroke is one of the leading causes of death throughout the world, causing more serious chronic disabilities than any other disease. In the first several years after a stroke, the most common vascular event is another stroke.[@b40-ndt-13-527] The risk of further stroke may be as high as 5% within the first week and 20% within the first month.[@b41-ndt-13-527] Therefore, timely detection and diagnosis are of clinical significance for patients with carotid atherosclerosis, particularly for preventing the occurrence and recurrence of cerebral infarction.

Carotid atherosclerosis is causally related to stroke in \>50% stenosis cases and is considered the cause of stroke in up to 20% of all cases.[@b40-ndt-13-527],[@b42-ndt-13-527] Studies have shown that carotid atherosclerotic plaque characteristics (seen in MRI) are related to a history of stroke and coronary heart disease[@b8-ndt-13-527] and correlate with predicted stroke risk.[@b43-ndt-13-527] In the current study, we only discussed the relationship of carotid atherosclerosis excluding stenosis and recurrent cerebral infarction in the Chinese population. We found that carotid atherosclerosis accounted for 78.88% (1,109/1,406) of the patients with recurrent cerebral infarction. The incidence of carotid atherosclerosis in patients with recurrent cerebral infarction was higher than that with first-ever cases. The results showed that there was a statistically significant positive association between carotid atherosclerosis and recurrent cerebral infarction (OR: 2.87; 95% CI: 2.42--3.37, *P*\<0.00001) in a fixed-effect model.

Atherosclerosis is widely recognized as a multifactorial disease that arises from complex factors such as plaque components, blood flow, and inflammation.[@b44-ndt-13-527]--[@b46-ndt-13-527] It has been traditionally thought that the presence of atherosclerotic plaques reduces blood flow along the carotid arteries, leading to cerebral ischemia and infarction.[@b47-ndt-13-527] Although recent advances have identified the plaque biology, diagnosis, and treatment, atherosclerosis remains a leading cause of morbidity and mortality.[@b48-ndt-13-527] Carotid atherosclerosis reflects generalized atherosclerosis. Carotid atherosclerosis plaque is significant in the formation of cerebral infarction.[@b49-ndt-13-527],[@b50-ndt-13-527] Research has proven that a slight progression of carotid atherosclerosis significantly and positively increases the prevalence of cardiovascular disease and the risk of future cardiovascular disease events.[@b51-ndt-13-527],[@b52-ndt-13-527] Moreover, intima-media thickness of the carotid arteries is a marker of atherosclerosis, as has been assessed pathologically.[@b53-ndt-13-527],[@b54-ndt-13-527]

During the last several decades, numerous studies identified the relationship between carotid atherosclerosis and recurrent cerebral infarction.[@b55-ndt-13-527]--[@b57-ndt-13-527] Touboul et al[@b55-ndt-13-527] found, using systematic screening, that 45% of stroke patients had carotid atherosclerosis. Nagai et al[@b56-ndt-13-527] showed that, in addition to advanced stenosis, earlier stages of carotid atherosclerosis are associated with the increased risk for stroke. Clinical usefulness of carotid ultrasound could also improve stroke risk assessment.[@b57-ndt-13-527] Many factors that play a role in stroke are associated with carotid atherosclerosis. Lukasik et al[@b58-ndt-13-527] demonstrated that diminished expression of active GPIIb/IIIa in the ADP-activated platelets is associated with increased carotid intima-media thickness, independently of stroke. Markus et al[@b59-ndt-13-527] identified that the histone deacetylase 9 genetic variant associated with ischemic stroke increases risk via promoting carotid atherosclerosis. Liu et al[@b60-ndt-13-527] first showed that the microRNA--single nucleotide polymorphism at PON1 could affect genetic expression and is associated with an elevated risk for ischemic stroke and subclinical atherosclerosis. Furthermore, carotid atherosclerosis is associated with cognitive test scores of stroke patients. Another study[@b61-ndt-13-527] has proved that subclinical carotid atherosclerosis, measured as the presence of plaques, number of plaques, and total plaque area, were independent long-term predictors of lower cognitive test scores. Carotid atherosclerosis markers have been associated with MRI indices of brain ischemia and aging, and with cognitive impairment in a community-based sample of middle-aged adults.[@b62-ndt-13-527]

Overall, our study demonstrated that the incidence of carotid atherosclerosis in patients with recurrent cerebral infarction was higher than that in first-ever cases, suggesting the need to focus on the role of carotid atherosclerosis in the development of acute stroke. As cerebral infarction is a multifactor disorder resulting from the interaction between environmental and genetic factors, further research into the development and validation of reliable indicators of the high-risk individual is greatly needed.

**Disclosure**

The authors report no conflicts of interest in this work.

![Flowchart of literature screening.](ndt-13-527Fig1){#f1-ndt-13-527}

![Forest plot of the association between carotid atherosclerosis and recurrent carotid atherosclerosis in the Chinese population.\
**Abbreviations:** M--H, Mantel--Haenszel; CI, confidence interval; *df*, degrees of freedom.](ndt-13-527Fig2){#f2-ndt-13-527}

![Funnel plot of the association between carotid atherosclerosis and recurrent carotid atherosclerosis.\
**Abbreviations:** SE, standard error; OR, odds ratio.](ndt-13-527Fig3){#f3-ndt-13-527}

###### 

Main characteristics of included cohort studies in this meta-analysis

  References (published year)             First-ever group   Recurrence group                             
  --------------------------------------- ------------------ ------------------ ----- ------------- ----- -----
  Liu[@b26-ndt-13-527] (2004)             64.38±11.21        39                 72    65.25±10.32   40    62
  Zeng et al[@b34-ndt-13-527] (2005)      58.79±9.7          65                 98    68.53±8.25    32    37
  Cao[@b24-ndt-13-527] (2007)             58±3.0             35                 50    62±4.0        53    60
  Liu[@b19-ndt-13-527] (2007)             56±3.2             55                 80    60.5±4.2      88    102
  Yang and Chen[@b21-ndt-13-527] (2007)   61.4±11.0          112                200   62.2±10.3     230   266
  Zhang[@b28-ndt-13-527] (2007)           52.28±11.02        30                 53    56.24±11.32   41    55
  Yang and Lin[@b23-ndt-13-527] (2008)    64.68±1.2          181                243   64.68±1.2     19    25
  Zhang and Hu[@b27-ndt-13-527] (2008)    46--75             127                197   68.12         48    59
  Song[@b33-ndt-13-527] (2009)            68±8.25            99                 203   66.2          14    23
  Tan[@b30-ndt-13-527] (2009)             56±3.2             42                 80    60.5±4.2      71    105
  Wang[@b29-ndt-13-527] (2010)            60±12              27                 63    72±9          36    44
  Wu[@b31-ndt-13-527] (2011)              65.11±10.12        45                 75    65.37±8.09    25    30
  Wu and Gao[@b32-ndt-13-527] (2011)      --                 87                 120   --            102   120
  Yi et al[@b39-ndt-13-527] (2011)        69.1±11.8          101                251   68.1±10.9     42    61
  Zhao[@b22-ndt-13-527] (2011)            63±9.7             58                 73    63±9.7        42    45
  Zhao et al[@b25-ndt-13-527] (2011)      --                 70                 92    --            55    64
  Zhu[@b20-ndt-13-527] (2011)             71.23±10.27        173                218   68.91±13.15   17    23
  Li et al[@b37-ndt-13-527] (2012)        62.78±9.62         21                 60    63.3±8.45     38    48
  Guo et al[@b35-ndt-13-527] (2012)       65.79±9.71         45                 98    65.79±9.71    31    37
  He et al[@b38-ndt-13-527] (2012)        48--79             58                 78    48--79        46    52
  Hua and Zhou[@b36-ndt-13-527] (2012)    68.20±10.69        6                  51    69.84±10.08   22    50
  Liu et al[@b15-ndt-13-527] (2012)       59.98±10.55        12                 51    67.05±9.69    17    38

**Abbreviations:** CA, carotid atherosclerosis; SD, standard deviation.
